The energy dependence in light curves of gamma-ray bursts (GRBs) is a probe to study the underlying radiation mechanism. In particular, spectral evolution in the decay phase is expected to reflect the cooling process of accelerated electrons. Norris et al.
Introduction.
The spectrum of GRB prompt emission has long been described with a power law with an exponentially cut-off, or a smoothly-connected broken power-law (GRBM [4] ). They are assumed to be produced by partially-cooled optically thin plasma electrons via synchrotron or inverseCompton radiation on the shock fronts in jets. In addition to that, an optically thick component is proposed to describe the observed curvature in the sub-MeV band (e.g. [5] ). As well as wideband spectroscopy up to GeV band, spectral time evolution has become a key aspect to resolve physics in the prompt emission region (e.g. [6] ; [2] ; [7] ; [8] ). In order to conduct the luminosityspectrum evolution study with large effective areas in sub-MeV band, we here employed the Swift/ Burst Alert Telescope (BAT) [9] and the Suzaku/ Wide-band All-sky Monitor (WAM) [10] .
Fast-Rise-Exponential-Decay (FRED) light curve
In general, time scales of brightening and dimming are determined with geometrical parameters, such as size and bulk motion of the emission plasma, and by the electron acceleration/deceleration mechanisms. Among them the longest time scale dominates the observed light curve in the rise or decay phase. In order to reduce the number of parameters that affect the time evolution, we focus on the decay phase of fast-rise-and-exponential-decay (FRED) shaped light curves. The fast rise implies that the time scale of geometrical variation is sufficiently short that it does not appear in the longer decaying phases. The longer time scale in decay is thus expected to reflect the state evolution of the emission region, including the radiation cooling process. The exponential decay must be a result of the radiation cooling process, whereas the geometrical effect, such as expansion and/or deceleration of the radiation surface, should be observed as a power-law type decay in the energy bands that exhibit a power-law like spectrum.
In 2012, we reported 7 FRED pulses observed with WAM, and found a common energy dependence of exponential decay time-constants among them [2] . In this contribution, we add 3 samples observed with both Suzaku/WAM and Swift/BAT simultaneously. With the wide-band time-evolution study, we extend investigation on the radiation process of the long GRBs.
We selected FRED GRBs observed both with WAM and BAT by using the following criteria: (1) bright (> 1c/s/BAT-detector) at peak, (2) asymmetric (Fast rise but slow in decay), (3) no overlapping of pulses in the decay phase (to avoid picking up other acceleration or radiation processes). Thus we selected 3 FRED peaks in addition to the reported 7 FREDs by WAM. All the quoted errors below are at statistical 90% confidence level.
Energy resolved light curves
Here we employed the light curves of BAT and WAM with each time bin of 0.5s, in order to evaluate the trend of spectral variability. We confirmed similar properties as those reported in our previous WAM study [2] ; (1) every decay is exponential (power-law decay is rejected), and (2) higher the energy band of the light curves is, shorter the time constant is.
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where τ, and N denote decay time constant at energy E and the factor of proportionality, respectively. Figure 2 summarizes the obtained best-fit value of γ with the 90% confidence level in comparison with those reported in [2] . Derived γ tightly distributes around the average value of BAT+WAM reported in this study γ BW ave. = −0.29, and is consistent with the distribution derived by Tashiro et al. [2] of γ W ave. = −0.34. Although 6 out of 10 energy indices γ are consistent with the value expected in simple synchrotron-cooling regime (γ = −0.5) [11] , the rest 4 reject the value with the confidence level of 90%. The discrepancy implies that they are not subject to a simple (slow) cooling regime and/or may require additional component(s).
Time resolved spectrum
The newly analyzed 3 GRBs are localized by Swift/BAT and the incident angles to WAM are accurately determined to generate reliable energy response matrices of WAM. We investigate timeresolved spectra to examine the emission mechanism models -GRBM, or a blackbody radiation with an additional power-law shape emission component (BBPL) (e.g. [6] ).
GRB 060117 and GRB 070917 -fast-cooling synchrotron
The 1-s time-resolved spectra from the decay phase in GRB 060116 and GRB 070917 exhibit a statistically significant preference for GRBM over BBPL. Then we evaluate the spectral softening with the turn-over energy E 0 , employing the time index η as,
We assumed a decreasing normalization of GRBM in proportion to t −1/4 , according to the fast cooling regime [3] , and tied the first and second spectral indices. 
−0.25 of GRB 060116 and GRB 070917, respectively. These values agree with the expected time index in the fast-cooling regime (η = −3/2) with 90% and 95% confidence levels, respectively. Time-resolved spectra and their ratio to the best-fit GRBM ratios of GRB 060117 (left) and GRB 070917 (right). The black, red and blue marks and lines indicate spectra and the model at 1s, 2s, and 3s after the FRED peak of each event.
GRB 080413B
The time-averaged spectrum in the FRED decay phase of GRB 080413B prefers GRBM to BBPL significantly. However, the time-resolved spectra exhibit no decreasing of normalization formally, unlike the 2 GRBs reported in the previous subsection. Table 2 shows the derived time evolution of turnover energy (E 0 ) for both the fast and slow cooling cases. The fast cooling case, under the assumption described in the previous subsection, shows smaller values of the turnover energy than the slow cooling ones evaluated with a constant normalization. However, the required
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Discussion and conclusion
We here discuss the physical mecahnism of those FRED-type GRBs, combining both this wide-band study on 3 GRBs and our preceding study on 7 FRED-type GRBs for the narrower energy-band with only Suzaku/WAM [2] . For all of those 10 FREDs, we found that the decay-time constants (τ) of their energy-resolved light curves are well described with power-law functions of energy (E) as τ = E −0.29±0.12 . The energy indices of 6 of 10 FREDs suggest a simple synchrotron (or inverse-Compton) cooling, whereas τ of the remaining 4 do not agree with the expected value of −0.5 with a 90% confidence level, which suggests geometrical change in radiation surface and/or a need of additional component(s).
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